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Introduction

Initial investigations have looked into the effect of
landmark registration on follow-on analysis of
kinematic [1] and kinetic [3] waveforms. These
effects are of interest because landmark
registration is able to reduce phase variation while
maintaining the waveforms’ natural shape and
amplitude. These effects have been studied for
activities such as walking and jumping separately
[1,3], but no work has compared how the nature of
the activity, in particular whether the activity is
cyclic or non-cyclic, impacts the effects of
landmark registration.

We hypothesized that landmark registration
would result in greater phase variance reductions
for non-cyclic activities than for cyclic activities
and that this would enable follow-on analysis to
better explain amplitude differences in the former.

Methods

Biomechanical waveforms were extracted from a
publicly available data set of healthy human
participants performing cyclic — walking — and
non-cyclic — countermovement jump (CMJ) -
activities [2]. Knee and hip flexion/extension joint
angles were extracted from the motion capture
data and then registered to the landmark events
in Table 1.

Activity | Landmark Events

Walking | RON, LOFF, LON, ROFF, RON (right cycle)
LON, ROFF, RON, LOFF, LON (left cycle)

CMJ Start, Braking, Peak Take-off Force, Peak
Landing Force, End

Table 1: Landmark events used for registration for
walking and CMJ trials. Right and left cycles were
combined for follow-on analysis of walking trials.

Phase variance was determined by calculating
the distance between points of interest (local
maximums and minimums) between the +/- 1
standard deviation of the first reconstructed
principal component (PC) for each original,
time-normalized joint angle (Fig. 1). This was
repeated and compared with the registered joint
angles. Changes in phase variance between the
original and registered curves were then
compared between walking and CMJ.

Results and Discussion

We found that the nature of the activity has a
notable impact on the effect that landmark
registration has on the waveforms. In terms of
face validity, mean curves for walking resembled
individual traces and landmark registration had
littte to no effect on the knee and hip
flexion/extension joint angles (Fig. 1a & b). In
contrast, mean curves for CMJ did not resemble
individual traces and landmark registration had a
notable impact on the hip flexion/extension joint
angles (Fig. 1c & d). We also observed a decrease
in dispersion of registered waveforms for CMJ
around take-off and landing.

The phase variance explained by the PCs of the
joint angles during walking showed little
differences between the original and registered
waveforms. The variance explained was largely in
the amplitude direction indicating that there was
little phase variance in the original data that
could be corrected during registration.

The phase variance explained by the PCs for
the CMJ trials differed notably between the
original and registered joint angles analyzed.
Distances between take-off and landing events in
the reconstructed PCs decreased up to 50% after
registration, indicating the degree to which
landmark registration reduced phase variation.
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Figure 1. Mean +- 1 standard deviation
reconstruction curves for the first PC for (A) Knee
flexion/extension in walking, (B) Registered knee
flexion/extension  in  walking, (C) Knee
flexion/extension in CMJ, and (D) Registered knee
flexion/extension in CMJ. Points of interest are
indicated by the red X marks.

Significance

An activity’s cyclic/non-cyclic nature impacts the
effect of landmark registration. Researchers
should consider this when deciding if landmark
registration is appropriate or necessary for their
analysis. We conclude that landmark registration
should always be considered for non-cyclic
activities like CMJ and may not be needed for
cyclic activities like walking.
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